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Microspherule protein 2 (MCRS2) has been reported to associate with the cellular function of telome-
rase inhibition, transcriptional regulation and cellular transformation. Here, we report a novel func-
tion of MCRS2 in ASK1 pathway. We found that MCRS2 directly binds to ASK1 in vivo and co-localises
with ASK1 in the cytoplasm. Overexpression ofMCRS2 inhibited oxidative stress (H2O2)-induced ASK1
activation. Knockdown ofMCRS2 expression accelerated p38 and JNK phosphorylation and promoted
apoptosis in response to H2O2. Finally, H2O2 treatment induced proteasomal degradation of MCRS2,
which was further enhanced by activated ASK1. Our results clearly demonstrate that MCRS2 plays
a negative role in stress-induced ASK1 activation.
Structured summary of protein interactions
MCRS2 physically interacts with ASK1 by anti tag coimmunoprecipitation (View interaction)
MCRS2 physically interacts with ASK1 by anti bait coimmunoprecipitation (View interaction)
MCRS2 physically interacts with Daxx by anti tag coimmunoprecipitation (View interaction)
ASK1 and MCRS2 colocalize by ﬂuorescence microscopy (View interaction)
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction However, the mechanism of cellular transformation by MCRS2/Microspherule protein 2 (MCRS2) was initially identiﬁed as an
interacting partner of LPTS/PinX1, which is a potent inhibitor of
telomerase, and overexpression of MCRS2 in cancer cell lines sup-
pressed telomere elongation [1]. MSP58, an isoform of MCRS2 that
is 13 amino acids shorter than MCRS2 at the N-terminus, was
found to interact with Daxx and relieve Daxx transcriptional
repressor activity [2]. Recently, MCRS2 was isolated as part of a
complex containing the histone acetyltransferase MOF in both hu-
mans and ﬂies [3]. These ﬁndings led to the characterisation of
MCRS2/MSP58 as a participant in transcriptional regulation. More-
over, TOJ3, an orthologue of MCRS2, functions downstream of
v-jun to transform quail embryonic ﬁbroblast (QEF) and chicken
embryonic ﬁbroblast (CEF) cells [4]. MSP58 was also reported to
interact with the PTEN tumour suppressor and induce transforma-
tion of PTEN-deleted mouse embryonic ﬁbroblast (MEF) cells,
whereas PTEN suppresses the transforming activity of MSP58 [5].chemical Societies. Published by E
SP58, microspherule protein
axx, death domain-associated
2O2, hydrogen peroxide; JNK,MSP58 remains unclear.
Apoptosis signal-regulating kinase 1 (ASK1) is a ubiquitously
expressed MAPKKK that activates the JNK and p38 pathways by
directly phosphorylating and thereby activating their respective
MAPKKs, MKK4/7 and MKK3/6 [6,7]. ASK1 can be activated by a
variety of stresses, such as oxidative stress, endoplasmic reticulum
stress and calcium inﬂux, and can induce apoptosis and inﬂamma-
tion [8,9]. Recently, it has emerged that the ASK family of proteins
plays key roles in cancer, cardiovascular disease and neurodegener-
ative disease [9].
It has been reported that Daxx, an interacting partner of MCRS2/
MSP58, promotes ASK1 activation following direct interaction with
ASK1 [10,11]. However, it has not been determined whether
MCRS2 is involved in ASK1 signalling. In this study, we identiﬁed
the direct interaction between MCRS2 and ASK1, and we examined
the effect of MCRS2 upon oxidative stress-induced ASK1 activation.
As a result, we found that MCRS2 functions as a negative regulator
of stress-induced ASK1 activation.
2. Materials and methods
2.1. Cell culture
The 293T human embryonic kidney cell line and HeLa cervical
cancer cell line were maintained at 37 C in 5% CO2 in Dulbecco’slsevier B.V. All rights reserved.
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glucose (4.5 mg/mL) and supplemented with 10% foetal bovine
serum (FBS; Hyclone) and 100 units/ml penicillin.
2.2. Antibodies
Monoclonal antibodies to b-actin, HA, and Flag were purchased
from Sigma–Aldrich. Polyclonal antibodies to phospho-Thr838
ASK1, phospho-p38, and phospho-JNK were purchased from Cell
Signaling Technology. Anti-ASK1 monoclonal antibody, and anti-
p38 and anti-JNK polyclonal antibodies were purchased from Santa
Cruz Biotechnology. Anti-MCRS2 polyclonal antibody was pro-
duced by our laboratory.
2.3. Plasmid construction
The pcDNA3-HA-ASK1 and pcDNA3-HA-ASK1(K709R) plasmids
were kindly provided by Dr. Gang Pei (Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences, Shanghai, China).
The pcDNA3-Flag-MCRS2 plasmid was cloned and kept in our
laboratory [1]. The pcDNA3-HA-Daxx plasmid was generated by
PCR ampliﬁcation of Daxx from a HeLa cDNA library and insertion
of the PCR product into pcDNA3-HA. The plasmids encoding the
MCRS2 and ASK1 mutants were generated by PCR.
2.4. Immunoprecipitation and Western blotting analysis
293T cells were transfected with the indicated plasmids using
Lipofectamine 2000 (Invitrogen). At 48 h after transfection, the cells
were washed twice with PBS and incubated in cold RIPA buffer
(50 mM Tris–HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 0.5% Nonidet
P-40, 0.25% sodium deoxycholate, 1 mM phenylmethylsulfonyl
ﬂuoride, 1 protease inhibitor cocktail) for 0.5 h at 4 C. The lysates
were incubated with anti-Flag M2 beads (Sigma–Aldrich) for 2 h at
4 C, then the beads were washed three times with lysis buffer and
resuspended in SDS sample buffer (50 mM Tris–HCl pH 6.8,
100 mM DTT, 2% sodium dodecyl sulfate, 20% glycerol, 0.2 mg/ml
bromophenol blue). All samples were subjected to SDS–PAGE fol-
lowed by Western blotting using the appropriate antibodies. The
proteins were visualised by ECL.
2.5. Immunoﬂuorescent staining
HeLa cells were transfected with the indicated plasmids using
Lipofectamine 2000 (Invitrogen). At 48 h after transfection, the
cells were ﬁxed for 30 min with 4% paraformaldehyde and perme-
abilised for 10 min with 0.2% Triton X-100. The cells were then
incubated with the appropriate primary antibody overnight at
4 C, washed three times with PBS, and incubated with Alexa Fluor
488-conjugated goat anti-mouse secondary antibody (Molecular
Probes, Invitrogen) and/or a cy3-conjugated goat anti-rabbit sec-
ondary antibody (Jackson ImmunoResearch Laboratories, West
Grove, PA) for 1 h at room temperature. The nuclei were counter-
stained with DAPI for 10 min. Confocal images were acquired using
a Leica TCS SP2 laser scanning confocal microscope equipped with
a 63  1.4 NA oil immersion objective (Leica, Germany).
2.6. RNA interference
The retroviruse system of pSIREN-RetroQ/pCL10A1(Clontech)
was used to generate stable shRNA-expressing cells. The following
sequence was used for MCRS2: 5’-GAAGTTCGATGATGAGCTG-3’ as
describe previously [12]. A non-speciﬁc siRNA, 5’-GTGCGCTGCTGG
TGCCAA C-3’ (Shanghai GenePharma Co., Ltd., Shanghai, PR China),
was used as a negative control. The two resulting plasmids were
designated as pSIREN-shMCRS2 and pSIREN-shNC, respectively.The pMSCV/pCL10A1 (Clontech) systemwas used to generate stable
MCRS2 overexpression cells. Retroviruses were generated by co-
transfection of recombinant pSIREN-RetroQ or pMSCV plasmids
with pCL10A1 helper plasmid into 293T cells using Lipofectamine
2000 (Invitrogen). After 48 h of incubation, the culture medium
containing recombinant virus was harvested and puriﬁed by a
0.45 lm ﬁlter. Target cells were incubated with recombinant virus
supplemented with 20 lg/ml polybrene for a spin infection proce-
dure (Clontech). To obtain stable clones, infected cells were selected
by culturing with 2 lg/mL puromycin.
2.7. Annexin-V/propidium iodide (PI) staining assay
HeLa cells (5  104) were plated in 24-well plates overnight and
treated without or with 1 mM H2O2 for 6 h. The cells were col-
lected and washed with PBS twice, gently resuspended in Annex-
in-V binding buffer and incubated with annexin-V-FITC/PI
(Beyotime Institute of Biotechnology, China) in the dark for
15 min and analysed by ﬂow cytometry.
2.8. TUNEL assay
HeLa cells were plated onto coverslips overnight and treated
with or without 1 mM H2O2 for 12 h. The cells were ﬁxed in 4%
paraformaldehyde for 30 min at room temperature and permeabi-
lised in 0.2% Triton X-100 for 2 min at 4 C. Next, the cells were
stained with FITC-conjugated TUNEL reaction mixture (Roche) for
1 h at room temperature, then incubated with DAPI and PI for
2 min. The samples were analysed and recorded using a DXM1200F
ﬂuorescent microscope (Nikon, Japan).
3. Results
3.1. MCRS2 interacts with ASK1
To investigate the interaction betweenMCRS2 and ASK1,we per-
formed co-immunoprecipitation assays to determine if MCRS2
binds to ASK1. Daxxwas used as a positive control for ASK1 binding.
FLAG-MCRS2 was co-transfected with HA-ASK1 or HA-Daxx into
293T cells, and the cell lysates were immunoprecipitated with
anti-Flag M2 beads. As shown in Fig. 1A, both HA-Daxx and HA-
ASK1 were co-immunoprecipitated with Flag-MCRS2, demonstrat-
ing that Flag-MCRS2 interacts with HA-ASK1 in vivo. To examine
the interactions of endogenousMCRS2andASK1,co-immunoprecip-
itation assaywas also performedwith anti-MCRS2 antibody in HeLa
cells, and endogenous ASK1 co-puriﬁed with MCRS2 was clearly
detected by Western blot (Fig. 1B). Our results demonstrate that
both Flag-MCRS2 and endogenous MCRS2 can interact with ASK1
directly.
We next sought to identify the interacting regions of MCRS2 and
ASK1. To do so, we constructed two MCRS2 truncation mutants:
MCRS2-N1–313 and MCRS2-C308–475 (Fig. 1C). HA-ASK1 was co-
transfected with Flag-MCRS2-N or Flag-MCRS2-C into 293T cells,
and the cell lysates were co-immunoprecipitated with anti-Flag
M2 beads.We observed that HA-ASK1 co-immunoprecipitatedwith
MCRS2-C, but not with MCRS2-N (Fig. 1E, lanes 5–8). We also con-
structed three ASK1 truncation mutants: ASK1-N1–648, ASK1-K649–
1013 and ASK1-C1014–1374 (Fig. 1D). Among the ASK1 constructs, only
ASK1-C, but neither ASK1-N nor ASK1-K, was associated with
MCRS2 (Fig. 1F, lanes 5–8). Thus, the C-terminal 308–475 amino
acids of MCRS2 and the C-terminal 1014–1374 amino acids of
ASK1 are responsible for the MCRS2-ASK1 interaction.
3.2. ASK1 determines the cytoplasmic localisation of MCRS2
Previous reports indicated that MCRS2/MSP58 were mainly
localised in the nucleus and weakly appeared in cytoplasm
Fig. 1. MCRS2 interacts with ASK1. (A) Co-immunoprecipitation of MCRS2 and ASK1. 293T cells were transfected for 48 h with the indicated combinations of plasmids. Cell
lysates were subjected to immunoprecipitation with anti-Flag M2 beads, and the immunoprecipitates were Western blotted with anti-HA and anti-Flag antibodies. (B)
Endogenous interaction betweenMCRS2 and ASK1. HeLa cell lysates (2  108) were immunoprecipitated with anti-MCRS2 or control IgG antibodies, followed byWestern blot
analysis with anti-ASK1 and anti-MCRS2 antibodies. (C, D) Schematic representation of MCRS2, ASK1 and their mutants, with the amino acid numbers indicated. (E, F)
Identiﬁcation of the ASK1 and MCRS2 interaction regions. 293T cells were transfected for 48 h with the indicated combinations of plasmids. The cell lysates were subjected to
immunoprecipitation with anti-Flag M2 beads, followed by Western blot analysis.
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were interested to examine the subcellular localisation of MCRS2
and ASK1 by immunostaining after co-expression of Flag-MCRS2
and HA-ASK1 in HeLa cells. Following single transfection of FLAG-
MCRS2, MCRS2 was predominantly expressed in a nuclear diffuse
pattern (Fig. 2A, panels a–c), similar to the previous observations of
MSP58 in HeLa cells [2]. Expression of either MCRS2-N or MCRS2-
C yielded identical localisation patterns as full-length MCRS2
(Fig. 2A, panels d–i). Conversely, ASK1 was observed to be cytoplas-
mically localised (Fig. 2B). However, the nuclear localisation pattern
ofMCRS2couldbealteredby the co-expressionofMCRS2withASK1,
suggesting that ASK1 sequesters MCRS2 in the cytoplasm without
affecting its own localisation (Fig. 2C, panels a–d). Additionally,
MCRS2-C, but not MCRS2-N, was also recruited to the cytoplasm
by ASK1; this ﬁnding conﬁrms that the C-terminal region of MCRS2interacts directly with ASK1 (Fig. 2C, panels e–i). These results dem-
onstrate that MCRS2 co-localises with ASK1 in the cytoplasm.
3.3. MCRS2 inhibits H2O2-induced ASK1 activation
We further examinedwhetherMCRS2 is involved in ASK1 activa-
tion. ASK1 can be rapidly activated by phosphorylation at Thr838
upon exposure to oxidative stress, and Thr838 phosphorylation is
an indicator of ASK1 kinase activity [14]. HA-ASK1was co-transfec-
tedwith Flag-MCRS2 or pcDNA3-Flag vector into HeLa cells. Follow-
ing stimulation with H2O2, Thr838 phosphorylation greatly
increased in a time-dependentmanner (Fig. 3A, lanes 1–5). Interest-
ingly, ASK1 phosphorylation was markedly decreased by MCRS2
overexpression, compared to that without MCRS2 (Fig. 3A, lanes
6–10). We also found that co-expression with MCRS2-C, but not
Fig. 2. Co-localisation of MCRS2 with ASK1 in the cytoplasm. (A) HeLa cells were transfected with plasmids encoding Flag-MCRS2 (panels a–c), Flag-MCRS2-N (panels d–f), or
Flag-MCRS2-C (panels g–I). (B) HeLa cells were transfected with plasmids encoding HA-ASK1. (C) HA-ASK1 was co-transfected with Flag-MCRS2 (panels a–d), Flag-MCRS2-N
(panels e–h), or Flag-MCRS2-C (panels i–l) into HeLa cells. The cells were immunostained as described in Section 2. Flag-MCRS2 and its mutants were detected using anti-
MCRS2 polyclonal antibody, and HA-ASK1 was detected using anti-ASK1 monoclonal antibody. The confocal images show the localisation of Flag-MCRS2 and its mutants
(red), HA-ASK1 (green) and DAPI (blue) as indicated in the lower part of the image. Merged images are also shown.
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Fig. 3. MCRS2 inhibits H2O2-induced ASK1 activation. (A) HeLa cells were trans-
fected with ASK1 (0.1 lg) and/or FLAG-MCRS2 (0.4 lg) as indicated. At 48 h after
transfection, the cells were treated with or without H2O2 (1 mM) for the indicated
periods of time, and the cell lysates were subjected to Western blot analysis with
anti-phospho-Thr838 ASK1, anti-HA, anti-Flag, and anti-b-actin antibodies. (B)
HeLa cells were transfected with HA-ASK1 (0.1 lg) and FLAG-MCRS2 (0.4 lg),
FLAG-MCRS2-N (0.4 lg), or FLAG-MCRS2-C (0.4 lg) as indicated. At 48 h after
transfection, the cells were treated with or without H2O2 (1 mM) for 30 min, and
the cell lysates were subjected to Western blot analysis with anti-phospho-Thr838
ASK1, anti-HA, anti-Flag, and anti-b-actin antibodies.
1682 M. Xu et al. / FEBS Letters 586 (2012) 1678–1686MCRS2-N, decreasedASK1 phosphorylation (Fig. 3B), indicating that
MCRS2 inhibits H2O2-induced ASK1 activation.Fig. 4. Knockdown of MCRS2 expression accelerates p38 and JNK phosphorylation in resp
transfected with pSIREN-shNC or pSIREN-shMCRS2. (B) HeLa/pSIREN-shNC and HeLa/p
periods of time, and the cell lysates were subjected to Western blot analysis with anti
antibodies.3.4. MCRS2 functions as an endogenous antagonist against H2O2-
induced activation of ASK1 signalling and apoptosis
In light of our ﬁnding that exogenous MCRS2 negatively regu-
lates ASK1 activity, we hypothesised that endogenous MCRS2
may also affect ASK1 signalling and ASK1-mediated apoptosis. To
explore this issue, stable MCRS2 knockdown cells were generated.
HeLa cells were infected with retroviruses carrying either shMCRS2
or control shRNA, and stable cell lines were selected using puromy-
cin. Western blotting analysis conﬁrmed that the expression of
MCRS2 was effectively inhibited by shMCRS2 in HeLa/pSIREN-
shMCRS2 cells compared with the control HeLa/pSIREN-shNC cells
(Fig. 4A).
Next, we tested whether MCRS2 knockdown affects H2O2-in-
duced activation of the ASK1 signalling pathway by measuring
the activation of p38 and JNK, which are two major MAP kinases
that act downstream of ASK1. HeLa/pSIREN-shMCRS2 and HeLa/
pSIREN-shNC cells were treated with 1 mM H2O2 for the
indicated times, then p38 and JNK phosphorylation (p-p38 and
p-JNK) were evaluated. During the time course of stimulation
with H2O2, the levels of p-p38 and p-JNK gradually increased
in the control HeLa/pSIREN-shNC cells (Fig. 4B, lanes 1–4), while
the levels of p-p38 and p-JNK in HeLa/pSIREN-shMCRS2 cells
increased more rapidly (Fig. 4B, lanes 5–8). At treatment of
15 min, the p-p38 and p-JNK levels in HeLa/pSIREN-shMCRS2
cells were great higher than those in HeLa/pSIREN-shNC cells.
However, the differences were indistinguishable after 60 min
of treatment. These results demonstrate that endogenous
MCRS2 negatively regulates the H2O2-activated ASK1 signalling
pathway.
We also examined the effect of MCRS2 on H2O2 induced apop-
tosis. Apoptotic cells were detected by Annexin-V/PI staining, fol-
lowed by ﬂow cytometric analysis. At baseline conditions, there
was no signiﬁcant difference in apoptosis between the HeLa/pSI-
REN-shMCRS2 and HeLa/pSIREN-shNC cells (4.61 ± 0.76% versus
4.16 ± 0.34%, p > 0.05). However, upon treatment with H2O2, the
number of apoptotic cells signiﬁcantly increased in the HeLa/pSI-
REN-shMCRS2 cells compared to the HeLa/pSIREN-shNC cells
(25.28 ± 0.83% versus 15.45 ± 0.55%, p < 0.01) (Fig. 5A and B). To
conﬁrm this result, TUNEL assays were also conducted. As shown
in Fig. 5C and D, similar results were also detected. These results
suggest that MCRS2 potentially functions as an endogenous antag-
onist against H2O2-induced apoptosis.onse to H2O2. (A) Western blot analysis of MCRS2 protein levels in HeLa cells stably
SIREN-shMCRS2 cells were treated with or without H2O2 (1 mM) for the indicated
-phospho-p38, anti-p38, anti-phospho-JNK, anti-JNK, anti-MCRS2, and anti-b-actin
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cells to conﬁrm the functions of MCRS2. The HeLa/pSIREN-
shMCRS2 cells were infected with different doses of pMSCV-
MCRS2 retroviruses, and MCRS2 expression levels were veriﬁed
with Western blotting using anti-MCRS2 antibody. After infection
with 100 ll retroviruses, the expression level of MCRS2 in HeLa/
pSIREN-shMCRS2 cells was similar to that in control HeLa/pSI-
REN-shNC cells (Fig. 6A). This stable cell line was used as rescue
cells for further experiments. As shown in Fig. 6B, the H2O2-in-
duced phosphorylation of p38 and JNK in the rescue cells were sig-
niﬁcantly lower than those in HeLa/pSIREN-shMCRS2 cells, and
similar to those in HeLa/pSIREN-shNC control cells. In addition,
H2O2-induced apoptotic cells were markedly decreased in the res-
cue cells compared to the HeLa/pSIREN-shMCRS2 cells (Fig. 6C and
D). Thus, exogenous expression of MCRS2 rescues HeLa/pSIREN-
shMCRS2 cells from acceleration of p38 and JNK phosphorylation
and sensitisation of apoptosis in response to H2O2. These results
further conﬁrmed the functions of MCRS2 in negative regulation
of stress-induced ASK1 activation.Fig. 5. Knockdown of MCRS2 expression sensitises cells to H2O2-induced apoptosis. (A) C
and PI, and analysed using ﬂowcytometry. The lower right quadrant of each plot shows
Quantiﬁcation of apoptotic cells by ﬂow cytometric analysis. Data are represented as the
H2O2 for 12 h, and the apoptotic cells were scored by TUNEL staining (green). Cell mo
Quantiﬁcation of apoptotic cells by TUNEL staining analysis. Percentage of TUNEL-pos
experiment. Data are represented as the mean of triplicate independent experiments ± S3.5. ASK1 promotes H2O2-induced MCRS2 degradation through its
kinase activity
If MCRS2 is a physiologically relevant inhibitor of H2O2-induced
ASK1 activation, then MCRS2-mediated suppression of ASK1 is ex-
pected to be relieved upon H2O2 stimulation. In support of this
hypothesis, we found that the levels of MCRS2 protein gradually
decreased following stimulation with H2O2 (Fig. 7A). Additionally,
this was due to a proteasome-dependant degradation of MCRS2
because the proteasome inhibitor MG132 could eliminate this ef-
fect (Fig. 7B). Thus, H2O2-induced proteasomal degradation of
MCRS2 relieves its inhibition of ASK1 activation.
It was reported that ASK1 prevents Daxx degradation by phos-
phorylating Daxx [15]. Therefore, we tested whether the degrada-
tion of MCRS2 was also associated with ASK1. Flag-MCRS2 was
co-transfected with ASK1 or kinase-inactive ASK1 (K709R) into
HeLa cells. Following stimulation with H2O2, Flag-MCRS2 was
gradually degraded (Fig. 7C, lanes 1–3). Interestingly, co-expres-
sion with ASK1 accelerated the degradation of Flag-MCRS2ells were treated with or without 1 mM H2O2 for 6 h, stained with Annexin-V-FITC
early apoptotic cells, and the upper right quadrant shows late apoptotic cells. (B)
mean of triplicate independent experiments ± SD. (C) Cells were treated with 1 mM
rphology was analysed by ﬂuorescent staining with DAPI (blue) and PI (red). (D)
itive cells were calculated using at least 100 cells from 5 random ﬁelds in each
D (⁄p < 0.01, in a Student’s t-test).
Fig. 6. Exogenous expression of MCRS2 rescues MCRS2 knockdown cells from H2O2-induced activation of ASK1 signalling and apoptosis. (A) HeLa/pSIREN-shMCRS2 cells
were infected with the indicated doses of retroviruses encoding MCRS2. The cell lysates were subjected to western blot analysis with anti-MCRS2, and anti-b-actin antibodies.
(B) Cells were treated with or without H2O2 (1 mM) for the indicated periods of time, and the cell lysates were subjected to Western blot analysis with anti-phospho-p38,
anti-p38, anti-phospho-JNK, anti-JNK, anti-MCRS2, and anti-b-actin antibodies. (C, D) Quantiﬁcation of apoptotic cells by ﬂow cytometric analysis. Data are represented as the
mean of triplicate independent experiments ± SD (⁄p < 0.01, in a Student’s t-test).
1684 M. Xu et al. / FEBS Letters 586 (2012) 1678–1686(Fig. 7C, lanes 4–6). Conversely, co-expression with ASK1 (K709R)
eliminated Flag-MCRS2 degradation (Fig. 7C, lanes 7–9). These re-
sults suggest that ASK1 promotes MCRS2 degradation through its
kinase activity.
4. Discussion
MCRS2/MSP58 has been reported to associate with some cellu-
lar functions such as telomerase inhibition [1], transcriptional reg-
ulation [2,3], and cellular transformation [5]. However, the
physiological function of MCRS2 is still not well understood. Our
results demonstrate for the ﬁrst time that MCRS2 interacts with
ASK1 and functions as a negative regulator of the ASK1-mediated
apoptosis pathway.
In this study, we found that MCRS2 interacts with ASK1 directly
and co-localises with ASk1 in the cytoplasm (Figs. 1 and 2). Since
single Flag-MCRS2 was mostly displayed on the nucleus, we are
interested to examine whether MCRS2 could be redistributed fromthe nucleus to the cytoplasm induced byH2O2. However, H2O2 stim-
ulation induced a speckled pattern of MCRS2 in the nucleus, rather
than a translocation from the nucleus to the cytoplasm (Supplemen-
tary Fig. S1). This result suggested that endogenous MCRS should
exist in the cytoplasm relying on the interaction with ASK1. In this
case, MCRS2 could inhibit the phosphorylation level of ASK1 in-
duced by H2O2. Some papers have showed that endogenous
MCRS2/MSP58 lies predominantly in the nucleus, whereas a small
fraction is detected in the cytoplasm [13]. In our paper, we provided
the evidences that both endogenous MCRS2 and Flag-MCRS2 di-
rectly interact with ASK1 in H2O2 unstimulated cells (Fig. 1). These
results suggested that the endogenous MCRS2 may remain in cyto-
plasm partially, and the interaction between endogenous MCRS2
and ASK1 may occur in the cytoplasm which does not depend on
the stimulation of H2O2.
Based on our ﬁndings, we propose a model for the negative reg-
ulation of ASK1 activity by MCRS2 (Fig. 7D). At baseline conditions,
MCRS2may interactwithASK1 in the cytoplasmand forma complex
Fig. 7. ASK1 promotes H2O2-induced MCRS2 degradation. (A) H2O2 treatment induced MCRS2 degradation. (B) The proteasome inhibitor MG-132 inhibited H2O2-induced
MCRS2 degradation. HeLa cells were pretreated without or with MG-132 (50 lM, 0.5 h), then treated with H2O2 (1 mM) for the indicated periods of time. Cell lysates were
Western blotted with anti-MCRS2, anti-ASK1, and anti-b-actin antibodies. (C) Flag-MCRS2 (0.05 lg) was co-transfected with HA-ASK1 (0.2 lg), kinase-inactive HA-
ASK1(K709R) (0.2 lg), or HAvector (0.2 lg) into HeLa cells. At 48 h post-transfection, the cells were treated with H2O2 (1 mM) for the indicated periods of time, and the cell
lysates were subjected to Western blot analysis with anti-HA, anti-Flag, and anti-b-actin antibodies. (D) A suggested model for the role of MCRS2 in H2O2-induced ASK1
activation and apoptosis.
M. Xu et al. / FEBS Letters 586 (2012) 1678–1686 1685to inhibit ASK1 activation. Upon oxidative stress, MCRS2 is released
fromthe complex anddegraded inaproteasome-dependantmanner
while ASK1 is phosphorylated. Moreover, activated ASK1 can pro-
mote MCRS2 degradation, resulting in the accelerated activation of
ASK1 signalling.
Recently, it was reported that MSP58 expression is elevated in
gliomas and colorectal carcinomas, and down-regulation of
MSP58 by siRNA decreases tumour growth, migration and invasion,
suggesting a pro-oncogenic role for MSP58 [12,16]. However, the
exact mechanism of MSP58 in promoting tumorigenesis remains
unclear. On the contrary, ASK1 has been reported to be a tumour
suppressor in colon and liver cancer development through the reg-
ulation of stress-induced apoptosis and inﬂammation [17,18].
Based on our results, it is tempting to propose that increased
MCRS2/MSP58 expression in cancer cells may play a critical role
in the inhibition of ASK1 activation, resulting in enhanced resis-
tance against stress-induced apoptosis via the ASK1 pathway. Fur-
ther studies on the mechanisms by which MCRS2 regulates the
ASK1 pathway may contribute to understanding the signiﬁcance
of MCRS2 in tumourgenesis.5. Financial support
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